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INTRODUCTION
When applying evaluation and characterization methods to materials processing, care must be exercised to avoid any intrusion in to the manufacturing process. Aircoupled ultrasonic inspection offers such a choice for evaluating materials during their processing steps. Since air is part of the natural environment, this method offers the least damage during the processing cycles of materials. Traditional water-coupled tor other contact methods) ofFer no such nondestructive advantages for uncured composite materials during their processing. Currently, due to the improvement of technology in the making of air-coupled transducers, this method 
PI.
Because of such advantages, we have been led to explore the applicability of aircoupled ultrasonic NDE method to CFCC materials during their processing cycles. We present here our preliminary results of such an investigation on multiple ply SYLRAMICm composites Wricated using a Polymer Impregnation and Pyrolysis (PIP) process. We have also performed, for comparison purposes, thermal diffusivity mapping of the same panels using infiared NDE methods. Figure 2 . The porosity values shown in The composites used in this study are comprised specifically of ceramic-grade
Nicalonm 8Hs fabric in a warp-aligned symmetric lay-up of 8 and 16 plies, w i t h a
proprietary interface coating applied to the fabric, and a silicon-carbon-nitrogen matrix chemistry derived from a preceramic polymer. The original 30.5 cm x 30.5 cm panel was cut into progressively smaller pieces to fkilitate the evaluation of potential sample-size effects on densification behavior during processing. Delaminations were introduced into some of the pieces to serve as 'hewn" defects which could be observed as densification of the material progressed.
AIR-COUPLED ULTRASONIC IMAGING
The samples were imaged by a traditional C-scan imaging system using a pair of transducers in a coaxial transmission geometry. A functional schematic diagram of the aircoupled ultrasonic imaging system is shown in Figure 3 . The matched pair of air-coupled transducers operated at a central frequency of 400 kHz, and their focal length was about 3.8 cm. The transducers were aligned so that they were focused on to the sample. Using these transducers, a C-scan image was built up with a 0.08 an step size. The X-Y motion and the data acquisition and processing was controlled by the host Pentium computer. Acoustic waves incident on to the sample traverse through the sample and the first transmitted signal received by the receiving transducer is pre-amplified by a low noise high gain pre-amp attached to the back of the receiver. These signals are M e r gated and amplified, and the average peak-in-the gate(P1G) is used to produce an image in a 16-color coded scale. The resulting image consisted of a large number of pixels whose colors depended on the transmitted amplitude. The color of the image thus depends on the physical property of the medium. As acouStic waves propagate through the medium they are scattered by defects such as pores or delaminations. The through transmitted amplitude of the waves through the defective areas of the sample will be quite different from the nondefective regions. Thus areas of non-uniform density.
delaminations or porosity etc., are clearly distinguishable, as they will appear as different color-codes on the scanned image.
THERMAL (INFRARED) IMAGING
The thermal imaging system uses the method of Parker et al. [3] to calculate thermal diflksivity. A diagram of the experimental set up is shown in Figure 4 . This method requires that a thermal pulse of short duration be incident on the Eront surface of a specimen and that the tempemture of the back surfhce be monitored as a function of time. This is accomplished in the current study by heating the front suface with a 6 kJ photographic flash lamp (with a pulse duration of less than 8 ms) and monitoring the back-surface temperature with a commercially available fbd-plane-array infrared camera. The thermal difisivity was determined by the "half-rise time" method [3,4,5]. As an additional means of assessing data accuracy, the -'quarter-rise time" and the *'threequarter-rise time" were also determined for each pixel, according to an extension of the Parker et al procedure suggested in ASTM specification E 1461-92, 161. The resulting average thermal diffusivity values were assembled to form a 'difisivity image' of the sample.
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The camera used in the present study was equipped with a 3.5 pm optical band pass lens system and an indium antimonide @%)-based detector system. Images were acquired digitally by a pentium PC w i t h an on-board frame grabber in real time at 256 x 256 pixel 12-bit resolution. Image acquisition (to a speed of 1400 Hz) and analysis were performed w i t h locally written software. To minimize lateral heat flow, test specimens were insulated at the specimen edges.
RESULTS AND DISCUSSION
Air-coupled ultrasonic C-scan images of the 16 ply SYLRAMICm panels after 5 PIP cycles are shown in Figure 5a . The corresponding thermal diffisivity images are shown in Figure Sb . Both set of images show overall uniformity. No delaminations or other defects are found in these samples. The correlation between the two images are very good. The smaller samples of the set (3 cm or less in width) could not be successfidly imaged using the air-coupled ultrasonic system due to the predominant edge scattering e&cts of acouStic waves. The uniformity of the 16 ply samples remained through the subsequent PIP cycles, hence their images are not reproduced here again after the 15 PIP cycles. It is evident from the results reported here that air-coupled ultrasonic method has considerable potential as a truly non-invasive NDE tool in cases where the test material may be sensitive to traditional acoustic coupling agents. This is especially true in the Q-pes of materials used in the present study. Air-coupled NDE provides a suitable method for evaluating materials during their processing cycles. The present study also show that the results of air-coupled investigation correlate well with thermal properp evaluations.
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